ABSTRACT: Forty-eight barrows (6 1 kg), 24 nonessential amino acids. Exceptions were a lack of Yorkshire x Landrace (YL) and 24 YL, x Duroc x change in plasma lysine and glutamic acid, an
increase in histidine, and decreases in tyrosine and of six dietary ME levels on concentrations of plasma aspartic acid. Concentrations of most plasma amino urea nitrogen (PUN) and free amino acids. All pigs acids were similar between the two breed combinaconsumed equal amounts of each nutrient, except for tions, but 9 of 27 amino acids that were measured energy. As energy intakes increased from 12.42 t o were different ( P . 0 5 ) between the breed combina-35. 01 MJld of ME (34 to 97% of NRC recommendations. The linear response of ADG was probably tions), ADG increased linearly ( P < .001) and attained through a relatively constant lean-to-fat concentrations of PUN decreased linearly ( P < .01) deposition ratio in the body over the levels of ME and quadratically ( P < .05). There was a tendency ( P intakes. The curvilinear decline of PUN to increasing = .09) for an interaction of breed combinations and energy intakes was probably because at low energy energy intakes on ADG. In general, increasing energy intakes, amino acids were oxidized t o furnish energy intake decreased plasma concentrations of essential for maintenance and at increasing energy intakes amino acids and increased plasma concentrations of there was increasing accretion of body proteins.
Introduction
Eggum ( 197 0 ) found an inverse relationship between plasma urea N (PUN) and dietary amino acid balance. This relationship has been used to determine amino acid requirements in pigs (Brown and Cline, 1974) and humans (Tylor et al., 1974) . In addition, plasma-free amino acids ( PAA) have been effectively used to determine the adequacy of amino acids in animals (Lewis, 1992) . Although the relationship between energy intakes and growth performance and body composition has been investigated extensively over the years, little information is available for the effect of energy intake, independent of intakes of other nutrients, on plasma metabolites such as PUN and PAA in pigs. Energy intake influences the rates of deposition of lean and J . h i m . Sci. 1995. 73:145-150 fat tissue. Nitrogen accretion is generally limited by voluntary intake of energy for pigs weighing less than 50 kg but not for those over 50 kg BW (Edwards and Campbell, 199 1) . The efficiency of N deposition may vary with animal factors such as sex and genotype. When the rate of protein deposition reaches a plateau, further increases in energy intake result in an increase in fat tissue growth (Just, 1984; Whitternore, 1985) .
The objective of this study was t o evaluate the effect of energy intake on PUN and PAA with pigs of two breed combinations in relation to weight gain during a short experimental period.
Experimental Procedures

Animals
Forty-eight barrows, 24 Yorkshire x Landrace ( YL) and 24 YL x Duroc x Hampshire (YLDH), were used. Pigs weighing 52.8 kg (SD = 3.2 kg) were selected from a large group. These pigs were allowed ad libitum access to a balanced diet for at least 9 d. Daily feed intake was recorded beginning on the 3rd d after the pigs were individually penned. Then, six pigs from each breed combination were chosen for each block on the basis of similar BW (61.2, SD = 2.4 kg) and at least 2.5 kg of ADFI. The four blocks of pigs were started on experiment on different days.
The pigs were fed experimental diets in two equal meals daily for a 10-d treatment period. They were weighed on the first and the last day of the treatment period. Blood samples were collected in heparinized tubes by anterior vena cava puncture at 3.5 h after feeding. This sampling time is suitable for the mealfed pigs (Cai et al., 1994) . The pigs were housed in a room with temperatures ranging from 19" to 23°C.
Diets
A corn-soybean meal diet (Table 1 ) was formulated to meet the daily requirements of amino acids and it contained all nutrients, except for CP, Ca, and P, at concentrations recommended by NRC (1988) for 60-kg pigs. The ratios of essential amino acids ( (NRC, 1988) . During the treatment period, each pig was fed .94 kg of the basal diet per day. This quantity of basal diet supplied 12.42 MJ of ME and was supplemented with 0, .29, .57, 3 6 , 1.14, and 1.43 kg of the energy mixture, resulting in six daily ME intakes of 12. 42, 17.00, 21.42, 26.00, 30.43, and 35 .01 MJid, respectively. All pigs consumed the given amount of feed at each meal.
Chemical AnaZysis
All chemical analyses were done in triplicate. Both the basal diet and the energy mixture were analyzed for GE by bomb calorimetry (Parr Instruments, Moline, IL). The basal diet was analyzed €or N by the method of AOAC (1984) using the Kjeltec System 1028 Distilling Unit (Tecator, Herndon, VA). Feed samples were prepared by the AOAC (1984) method for determination of Ca by atomic absorption spectrophotometry and P by spectrophotometer.
Feed samples were hydrolyzed under nitrogen with 6 N HC1 for 20 h at 105°C for analysis of amino acids (except tryptophan), and with 5 N NaOH for 20 h at 105°C for tryptophan analysis.
Amino acids were separated by ion-exchange chromatography (3-mm x 250-mm column, Pickering Laboratories, Mountain View, CA) with lithium eluent and detected by fluorometry after post-column reaction with ophthalaldehyde on HPLC (Shimadzu LC-6A, Tokyo, Japan). All buffers used in amino acid analysis were purchased from Pickering Laboratories.
Blood was centrifuged twice at 5,000 x g for 15 min to obtain plasma samples. The plasma was frozen in aThe daily requirement for all nutrients was calculated based on NRC (1988) and the actual intake was based on chemical analysis, except for ME.
bBased on calculation (NRC, 1988) .
two aliquots. One aliquot was analyzed for PUN by an automated method (Marsh et al., 1965) . The other aliquot was analyzed for PAA. Plasma protein was precipitated by SeraPrep (Pickering Laboratories). The resulting plasma supernatant was filtered through a .2-pm filter. Amino acids were separated and detected by the same methods as the feed samples.
Statistics
The data were analyzed as a randomized complete block design with four blocks (starting time) of a factorial arrangement of two breed combinations and six energy treatments. The pigs were allotted to treatments at random within breed combinations and blocks. An individual pig was the experimental unit for analysis of all data.
Response data were evaluated by the GLM procedures (SAS, 1988 ). The statistical model used for all criteria included block, breed combination, ME treatment, breed combination x ME, and a covariate of initial BW. The residual mean square (df = 32) was used as the error term to test effects of all responses. Within the six ME treatment levels, linear, quadratic, and cubic responses were tested by polynomial contrasts with the same error term.
Results
The minimum ME intake was 3496, and the maximum ME intake was 97% of the daily requirement of 36.22 MJ recommended by NRC (1988) for a 61-kg pig with ad libitum access to feed (Table 3) . The weight gains of pigs of both breed combinations increased linearly ( P < .OOl> with increasing daily energy intakes. The ADG were similar ( P = .86) between the YL and YLDH pigs (Figure l ) , but there was a tendency ( P = .09) for an interaction of breed combinations and energy intakes on ADG. At the maximum ME intake, ADG was 763 g for the YL pigs and 651 g for the YLDH pigs, respectively. The gain: feed ratios were .32 and .27 for the YL and YLDH pigs, respectively.
Increasing energy intake resulted in linear ( P < .O 1) and quadratic ( P < .05) decreases in PUN concentrations. Average concentrations of PUN were similar ( P = .16) between the YL and YLDH pigs, and there was no interaction ( P = .38) of breed combination and energy intakes on PUN (Figure 2) .
With increasing dietary ME levels ( Table 4) , concentrations of all essential P M , except lysine and histidine, decreased linearly ( P < .05). The concentrations of lysine were not affected by any experimental factors ( P > . l o ) . Concentrations of plasma histidine and most nonessential PAA, however, increased ( P < .05) linearly, quadratically, or cubically, with the exception of tyrosine and aspartic acid, which decreased linearly ( P < .01). Among the other PAA that were determined, concentrations of a-aminobutyric acid, citrulline, ornithine, sarcosine, and taurine decreased linearly ( P <: .O 1) with increasing dietary ME intake. 
Discussion
As expected, weight gain of pigs was linearly dependent on energy intakes. In the present study, the ME concentrations of the experimental diets were assumed to be the same for the two breed combinations. This assumption is based on research that indicated that Chinese pigs (Meishan) utilized dietary energy with an efficiency similar to that of conventional pigs (Kinyamu and Ewan, 1991) . Based on the two linear equations of ADG on energy intakes (Figure l ) , the YL pigs had a daily M E requirement of 782 KJI'EIW.~~ for maintenance and the YLDH pigs had a daily ME requirement of 741 KJ/BW.75 for maintenance. However, the YL pigs seemed to use energy more efficiently for weight gain than did the YLDH pigs. If this observation is a real effect, the most logical explanation would involve a difference in the ratio of lean to fat of the tissue deposited, the ratio being greater for YL than for YLDH pigs. In general, the decreased PUN concentrations resulting from increasing energy intakes indicate an improved utilization of dietary N for protein accretion as energy intake increases. At low daily ME intakes, amino acids are deaminated and oxidized to meet maintenance energy needs. At increasing ME intakes, a decreasing amount of amino acids is oxidized and an increasing amount is incorporated into body proteins.
At some point, the energy requirement for maximum protein accretion is reached. Beyond this point, additional energy intake would not increase protein accretion (decrease nitrogen excretion). Others also have demonstrated a relationship between energy intake and PUN. During the lactation period from 7 t o 28 d, PUN concentrations in sows at a high energy intake were lower than those in sows at a low energy intake (Brendemuhl et al., 1987) . Beef heifers fed a high-energy diet had lower PUN than those fed a lowenergy diet (McShane et al., 1989) . A highly significant negative correlation between the calorie-to-N ratio and PUN levels was found in children (Chen et al., 1974) .
The linear decreases in essential PAA with increasing energy intakes suggest increasing rates of protein accretion. The high concentrations of essential PAA at very low ME intakes probably resulted from accumulation in plasma because of body protein mobilization for energy utilization. In contrast to the essential PAA, nonessential P M generally increased with increasing energy intakes. Increasing energy supply may increase the biosynthesis and peripheral release of these amino acids so that more nonessential PAA accumulated. A decline of nonessential P M at low energy intakes is probably because of rapid deamination and oxidation as energy sources, which was similar to the case during starvation in which transamination of these amino acids was increased (Abumrad and Miller, 1983) . The concentration of plasma histidine increased with increasing energy intakes. This response was the same as most of the nonessential P M . Indeed, histidine is not a pure essential amino acid, but is essential only under certain situations (Lewis, 1991) . There have been fewer growth trials to determine the histidine requirement than other essential amino acids (NRC, 1988) . Unlike other nonessential PAA, plasma glutamic acid was not affected by energy intake, possibly because its concentration was buffered by the metabolism of other amino acids. Of the nine other PAA determined in this study, those with structural similarity to other amino acids were subjected t o similar effects by either the breed combination or the energy intakes. For example, 6-alanine behaved similarly t o alanine, 3-methylhistidine similarly to histidine, and taurine similarly to the sulfur amino acid methionine. Conversely, the amino acids with functional similarity shared a similar response to energy intakes. Three urea-cycle amino acids (citrulline, ornithine, and arginine) responded similarly. Both a-aminobutyric acid and sarcosine (methylglycine) had responses to the energy treatment similar t o those of the essential amino acids. Similarly, phosphoserine responded like serine regardless of the breed combination effect. aLinear effect of ME intake ( P < ,011, except for serine ( P < .05). bEffect of breed combinations ( P < ,051. CCubic effect of the ME intakes ( P < .05). dQuadratic effect of ME intake ( P < ,051.
Implications
This experiment demonstrates that energy intakes, independent of other nutrient intakes, affect concentrations of plasma urea N and plasma-free amino acids. Consequently, in studies in which PUN and PAA are used as response criteria, energy intakes need to be considered in design of experiments and interpretation of results.
